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@ Process for preparing a catalyst for the ammoximation of carbonyllc compounds. 

@ The present invention relates to a process for 
preparing a catalyst for the ammoximation of car- 
bonyllc compounds, comprising a synthetic, crystal- 
line and porous material based on silicon and 
titanium oxides, characterized In that a preformed 
matrix of amorphous silica Is Impregnated with an 
aqueous solution containing a titanium compound 
and an organic nitrogen compound and that the thus 

^impregnated material Is provided with a zeolitic 
structure by means of a usual hydrothermal synthe- 

Osis. shape and size of the matrix being maintained 

^substantially unchanged thereby. 
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PROCESS FOR PREPARING A CATALYST FOR THE AMMOXIMATION OF CARBONYLIC COMPOUNDS 



The invention relates to a process for preparing 
a silicon and titanium containing catalyst showing a 
zectitic structure which is particularly suitable for 
the ammoximation of carbonylic compounds in 
trickle bed reactors. 

From DE-A-1 ,245,371 it is known to obtain 
cyclohexanone oxime by catalytic reaction In the 
liquid phase of cyclohexanone with ammonia and 
hydrogen peroxide ("ammoximation reaction"), at a 
temperature from 5 to 40*0 and with suitable 
reactant ratios in the presence of a catalyst consist* 
ing of phospho-tungstic acid or similar compounds. 
However, a drawback of this method is that this 
type of catalyst is difficult to handle, particularly 
during the separation of the product from the cata- 
lyst. EP-A-208.311 teaches that an effective alter- 
native is the catalysis by a synthetic, crystalline, 
porous material based on silicon and titanium ox- 
ides (titanlum-silicalite); in this connection see also 
US-A-4.41 0.501 and EP-A-1 32,550 and 190,609, It 
has also been found that a special type of titanium- 
silicalites (post-treated with H202) shows excep- 
tional and astonishing catalytic properties in the 
ammoximation reaction of various carbonylic com- 
pounds (see EP-A-87 108 577) and that the thus 
activated titanium-silicalites can be used In continu- 
ous operations, both in an Isothenfnal suspended- 
bed reactor, equipped with stirring means, and in 
an adiabatic trickle bed reactor. Titanium-silicalites 
can be prepared by starting from several titanium 
sources (e.g.. tetra-ethyl ortho-titanate. tetra- 
isopropyl ortho-titanate or peroxy-titanates. option- 
ally formed in situ etc.) and from several silicon 
sources (tetra-ethy) ortho-silicate, silica sol etc.) 
The product obtained downstream the hydrother- 
mal synthesis and the subsequent thermal treat- 
ments and activation treatments with H2O2 is 
microcrystalllne. If the ammoximation process has 
to be accomplished in a trickle-bed reactor, a care- 
ful shaping of the catalyst Is necessary. This can 
be done in further steps, such as pugging the 
titanlum-silicalite with a suitable binding agent and 
then giving the mixture the shape of spheres, pel- 
lets, extrudates (optionally polylobate extrudates. 
having helical or non-helical grooves) etc. An object 
of the present Invention is to provide a process 
which allows to obtain titanium-silicalite based cata- 
lysts directly In spherical, pellet or extrudate shape. 
In a much simpler way. 

In its broadest aspect the present invention 
relates to a process for preparing a catalyst com- 
prising a synthetic crystalline, porous material 
based on silicon and titanium oxide, particularly 
suitable for the ammoximation of carbonylic com- 
pounds in trickle-bed reactors, characterized in that 



a preformed matrix of amorphous silica is impreg- 
nated with an aqueous solution containing a 
titanium compound and an organic nitrogen com- 
pound which acts as templating agent, and that the 

5 thus impregnated material is provided with a 
zeolitic structure by means of a usual hydrothermal 
synthesis, shape and size of the silica matrix being 
substantially preserved. The amorphous silica ma- 
trix may comprise spheres, extrudates (e.g. poly- 

10 lobate extrudates. optionally showing helical 
grooves) or silica pellets, in the normally available 
types ^nd sizes. Silica types having a surface area 
of from 80 to 160 m^/g. a pore volume of from 0.5 
to 1. 5 cmVg. in the form of extrudates having a 

IS diameter from 1 to 10 mm. preferably from 3 to 6 
mm, have proved to be particularly suitable. 

As a titanium source, several water-soluble 
compounds can be used, such as e.g.. alkyl 
titanates. TiOCl2, peroxytitanates (optionally formed 

20 in situ), diisopropyt-bis-triethanolamine titanate and 
so forth: the Si:Ti molar ratio in the catalyst is 
advantageously at least 30 and. preferably. 50. 
Tetrapropylammonium hydroxide can be consid- 
ered as one of the most widely used templating 

25 compounds. 

Very good results are obtained by impregnat- 
ing preformed amorphous silica, dried at tempera- 
tures of from 100 to 350 *C. according to the dry- 
impregnation technique, described e.g. in IND. 

30 ENG. CHEf\^. PROD. RED, DEV.. Volume 20 
(1981). page 441. 

The thus impregnated preformed and solid ma- 
terial is transferred to an autoclave and is kept 
therein at a temperature of from 150 to 200* C 

35 preferably (approximately) 175*0 and under its 
autogenous pressure, for from 2 to 20 days, prefer- 
• ably from 3 to 11 days. At the end of the hy- 
drothermal synthesis, the solid material, which re- 
tains the shape and size of the silica used as the 

40 starting material, is washed with HaO up to neutral 
pH and is dried at e.g. 120-130*0 for 15 hours. 
Thereafter it may optionally be calcined (for in- 
stance at 430* C for 10 hours). 

The best yields are obtained by subsequently 

45 employing an activating washing step with an aque- 
ous solution of hydrogen peroxide, optionally in the 
presence of an acid having a pK of equal to or 
lower than 5. preferably selected from sulphuric, 
phosphoric and hydrochloric acid, or in the pres- 

50 ence of at least 10 kg of NH3 per 100 kg of 
solution. 

The catalysts prepared according to the inven- 
tion were sucessfully used in continuous runs, for 
many hours, and with no indication of decay, for 
the ammoximation of various carbonylic com- 
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pounds, such as e.g. acetone, cyclohexanone, 
methyi-ethyl-ketone (butan-2-one), acetophenone 
or cyclo-dodecanone, with H2O2 and NH3. Particu- 
larly good results are obtained when the amnnox- 
Imatlon is preceded by an activating washing of the 
catalyst, as disclosed e.g. in EP-A-87 108 577. The 
thus obtained catalyst can be used, in trickle-bed 
reactors, provided with surfaces resistant to hy- 
drogen peroxide. 

The conversion to oxime can be carried out at 
a temperature of from 25 to 100*C (preferably of 
from 40 to 90 'C, and particularly of from 60 to 
90* C): tests canried out at 15* C gave poor results. 
The reaction can be carried out under atmospheric 
pressure, or under slightly higher pressure, in order 
to keep dissolved in the reaction medium at least 
the amount of ammonia which is required for the 
ammoximation. The H2O2 : carbonylic compound 
molar ratio generally ranges from 0.3 to 2.5 and 
preferably from 0.5 to 1.5. "H2O2" is Intended to 
mean 100% pure hydrogen peroxide (dilution water 
excluded). The NH3 : carbonylic compound molar 
ratio Is equal to or higher than 1 (preferably 1.5), 
otherwise disturbing parallel reactions may take 
place. The reaction medium may comprise water 
or an organic solvent; exceptionally good results 
were obtained by using as the solvent .tert.-butyl 
alcohol and/or cyclohexanol, optionally mixed with 
dioxane or toluene. The tert.-butanol (and/or 
cyclohexanol) : carbonylic compound molar ratio 
should generally be from 0.1 to 100. Maintaining 
the hourly space velocity within the range of from 
0.1 to 200 kg/hour (preferably from 2 to 200 kg/h) 
of ketone per kg of pure catalyst (binding agent 
excluded), and feeding the ketone as a mixture 
with the organic solvent e.g. tert.-butanol (and/or 
cyclohexanol), is recommended. 

The following examples serve to illustrate the 
invention. 

Example 1 



(Syntheses of Titanium-Silicallte in Extaidate 



0.6 g of tetraisopropyl ortho-tltanale were 
hydrolysed with 10 ml of deionized water under 
stirring and at room temperature, thus forming a 
white gel-like suspension, to which 20 ml of hy- 
drogen peroxide (30% by weight) were added. To 
the resulting clear solution of orange colour there 
were added 30 ml of an aqueous tetrapropylam- 
monium hydroxide solution (20% by weight) and 
the thus obtained clear solution was concentrated 
by evaporation to a volume of 20 ml. 30 g of 



extrudales (solid cylinders of 4 mm of diameter), 
consisting of amorphous silica having a surface 
area of 120 mVg and a pore volume of 1.1 cmVg. 
were fed into a rotary flask kept under vacuum. 

5 The above solution was slowly poured onto the 
extrudate, while maintaining the vacuum inside the 
flask. The thus Impregnated extrudates were trans- 
ferred to an autoclave and subjected to a hy- 
drothennal synthesis at 175*C for 9 days under 

10 autogenous pressure. At the end. after cooling, 
obtained solid, still In the form of extrudates. was 
washed for an extended period of time^to neutral 
pH with deionized water, dried at 120*C for 15 
hours and then calcined at 430 'C for lOh. The 

75 elemental analysis showed that the solid contained 
titanium, according to an Ti/(Ti + Si) atomic ratio = 
0.45%; the X-ray diffraction showed the presence 
of a crystalline product characterized by the typical 
reflections of titanium-silicalite such as those 

20 shown in US-A-4.41 0.501. The presence of 
titanium-silicalite was confirmed by the l.R. spec- 
trum, where the typical bands at 960 and 550 cm"^ 
were present (see the above U.S. patent) and by 
the nitrogen absorption isothenm (BET method). 

25 

Example 2 



30 

(Catal yst Activation with H2O2) 

13 g of the product obtained In Example 1 
were poured Into an aqueous solution prepared 

36 from 26 ml of hydrogen peroxide (30% by weight) 
and 230 ml of diluted sulphuric acid (10% by 
weight); the resulting mixture was then stirred for 2 
hours at 70 *C; thereafter the liquid was decanted. 
This activation was repeated once more witfi a 

40 fresh solution; the extrudates were filtered off from 
the liquid and washed with deionized water (to 
neutral pH). The product was finally dried at 120* C 
for 15 hours and calcined at 550* C for 2 hours. 

46 

Example 3 

2 g of the catalyst obtained according to Exam- 
ple 1 were fed into a trickle bed reactor charged 

50 with 12 ml/h of an organic solution (containing 
8.67% by weight of cyclohexanone, 44.53% by 
weight of tert.-butyl alcohol and 40.80% by weight 
of water), with 0.66 ml/h of hydrogen peroxide 
(34% by weight) and with 0.4 lltres/h of ammonia 

65 gas. At 80 *C a cyclohexanone conversion of 
35.5% and a corresponding oxime selectivity of 
74.8% were obtained. 
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Example 4 

Example 3 was repeated, the catalyst of Exam- 
ple 1 being replaced by the catalyst of Example 2; 
a cyclohexanone conversion of 37,6% and a cor- 
responding oxime selectivity of 93.6% were ob- 
tained. 



Example 5 

5 g of the catalyst prepared according to Ex- 
ample 1 were fed into a trickle bed reactor charged 
with 30 n\\/h of an organic solution (containing 
8.10% by weight of cyclohexanone. 2.64% by 
weight of H2O2. 40.90% by weight of tert.-butyl 
alcohol and 48.36% by weight of water) and with 1 
lltre/h of ammonia gas. At 80* C a cyclohexanone 
conversion of 47.5%. and an oxime selectivity of 
79.8% were observed. 



Example 6 

Example 1 was repeated, a different type of 
silica being subjected to impregnation, said silica 
being characterized by a surface area of 90 m^/g 
and by a pore volume of 0.6 cm^/g. and being in 
the form of extruded cylinders (diameter 2 mm). 
For the impregnation there was used a solution 
which had been concentrated by evaporation to 
half-volume (with respect to the one of Example 1), 
the further impregnation procedure being main- 
tained unchanged. The formation of titanium- 
sllicalite was confirmed by X-ray diffraction spec- 
troscopy. I.R. spectroscopy and nitrogen absorption 
(BET). Also this catalyst proved to be suitable for 
the ammoximation of carbonylic compounds in a 
trickle-bed reactor, yielding high oxime selectivit- 
ies. 



3. Process according to any of the claims 1 
and 2. wherein said matrix comprises extruded 
granules (extrudates). 

4. Process according to claim 3, wherein said 
5 extruded granules have a polylobate shape, option- 
ally showing helical grooves. 

5. Process according to any of the preceding 
claims, wherein said hydrothermal synthesis is fol- 
lowed by a thermal treatment at a temperature of 

10 equal to or lower than 430 *C preferably 130* C, 
and by a subsequent activating washing step using 
an aqueous hydrogen peroxide solution. 

8. Process according to claim 5. wherein said 
washing is carried out in the presence of an acid 

/5 having a pK of equal to or lower than 5. preferably 
selected from sulphuric, phosphoric and hydrochlo- 
ric acid. 

7. Process according to claim 5. wherein said 
aqueous H2O2 solution contains at least 10 kg of 

20 NH3 per 100 kg of solution. 

8. Process according to any of the preceding 
claims, wherein the ratio of the silica source to the 
titanium source is such that the Si:Ti molar ratio, in 
the finished catalyst, is equal to or larger than 30. 

25 and. preferably, 50. 

9. Process according to any of the preceding 
claims, whei'ein the titianium compound used as the 
starting material is selectiBd from alkyi-tltanates and 
peroxy-titanates. optionally formed In situ. 

30 10. Catalyst for the ammoximation of car- 
bonylic compounds, obtainable by the process of 
any of claims 1 to 9. 

11. Use of the catalyst according to claim 10 
for the ammoximation of carbonylic compounds, 

35 preferably selected from acetone.methyl-ethyl-ke- 
tone, cyclohexanone. cyclododecanone and aceto- 
phenone. 

12. Use according to claim 11. wherein said 
catalyst is continuously exploited inside a trickle- 

40 bed reactor. 



Claims . 

1. Process for preparing a catalyst for the 45 
ammoximation of carbonylic compounds.said cata- 
lyst comprising a synthetic, crystalline, porous ma- 
terial based on silicon and titanium oxides, char- 
acterized in that a preformed matrix of amorphous 
silica is impregnated with an aqueous solution con- so 
taining a titanium compound and an organic nitro- 
gen compound which acts as a templating agent, 

and that the thus impregnated material is provided 
with a zeolitic structure by means of a conventional 
hydrothermal synthesis whereby shape and size of 55 
the silica matrix are substantially retained. 

2. Process according to claim 1, wherein said 
impregnation is a dry-impregnation. 
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